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YOU CAN ASSEMBLE TRUE DIGITAL READOUT 

AT $12 PER DECADE 

BY DON LANCASTER 

FROM THE EDITOR 

This may well be the most important construction 
project to be published in POPULAR ELECTRONICS 
in 1968. The DCU ("Decimal Countin, Unit") will 
open the door to a whole new e.a of project buildin,. 
Because of its low cost. easy construction. and use 
of readily a\lolliable component5, Don lancaster's 
OCU will encourage the development of unusual 
Science Fair projec:ts. lIe.ntile test equipment, add. 
I", maChines. computers, etc. The bottleneck of 
obtaining a loW-t05t readout has been broken. 

OLIVER P. FERRELL 

Fobrug,y. 1968 

D lREeT, unambiguous numerical read-
out at low cost-the dream of most 

electronics experimenters, technicians, 
and engineers-is now made possible by 
inexpensive integrated circuits and a few 
seldom-used circuit tricks. For just $12 
per deeade total cost. you can have a 
complete. resettable decimal counter with 
a bright staggered-line 0 to 9 incandes­
cent readout. good from onc count per 
day to 10 MHz. 

You can cascade as many of these de­
cades together as you need fol' almost 
any digital display. Using these deeimal 
counters, POPULAR ELECTRONICS will, in 
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Fig. L In IC} and IC2. the rectangles represent flip.flops while in IC3 and IC4, the triangles 
with circles represent multiple input gates, logic symbols replace complicated circuitry. 

future issues, show how you can make a 
digital voltmeter, digital stopwatch, digi­
tal multimeter, and a universal frequency 
counter. 

You'll be able to create an adding ma­
chine, a ballistic-velocity meter, or an 
event counter. And the list does not end 
there. Using this low-cost ncu, you can 
also make digital thermometers, elec-
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tronic clocks, engine tachometers, direct­
reading CB crystal (or other frequency) 
crystal checkers, photographic shutter 
checkers-and even a digital computer. 

The basic decimal counter, whose sche­
matic is shown in Fig. 1, uses four Ie's, 
six resistors, seven transistors, and 10 
incandescent bulbs. If desired, a complete 
decade kit is available (see Parts List). 

POPUlAR ElECTRONICS 



PARTS LIST 

/1.ll0-6.J·,·01l. 5Q_mA {,ilo/ lomp omlkllS liS­
seNlbly (50ullr .. ·csl Tee lIIicu/Products :;:0-6.), 
Or similur)' 

ICI.lCl-J/CiIJOI' dllal )/0,. jlip.jlop ill/ccrated 
c;rwi/"' 

ICJ-.1/C7Z.J1' qllod /:::o-illpIII·toIC illlctra/cd 
(;r(II;I" • 

IC·I-.lIC7 lSI' rlu�1 IIITa-;IIPlll-tole illlegrolcd 
circuil" • 

(/1.Q?-?.Y4.J0? Ira>lS;S/o," 
(lJ.(/.J.Q5,QI>,(/i-.JII'S?IJ?) Ira, .. ;s/o,·· 
RI./i?-JJ_ol"" , 1-.. '(111 rcsislo, 
RJ;/i.J--.JiO-oI"", !�·-�·all roislo' 
R5./i6-JJO-o/sm. )4-.. '<111 rcs;t/o, 
1-3".r: JJ�N I'C bO(1rd" 
.1Iisc.-Aiumillum b,odcl-(.fl"<: Fit. 5): pop 

r;;'elf (l); =N ""ire ju,,,pas (8): I'C ter­
,"illais (6); �,,;'·-J,ig" ;",Ialll trallsler IIIOIICI­
ois, MOGk .. solr/er, etG. 

'The /O/lOW;III: parIs arc a:·oi/ob/e Ir/HI' 5011111_ 
wclt Tee/mico/ "rodtlets Corp., ?l9 11'_ Rllap­
Mdy. SO" AII/Ollio. Tc.tOj i8216: ctched olld 
drilted I'C bourd = 1-18. $J.OO: scI 0/ 10 lomps 
wilh plaslie eo':ers �",I sparr bulb, $2.75: com_ 
plete kit 01 01/ paris, $12_00, pOllpaid ill U.S.,j. 

" ,baiiaMe Iro>ll .. Olicd E/retrollitJ. 100 N. 
Weslem ..r,·c .• CMeal:o. JII. 61.1680. 1I"IIe" 1",lu_ 
illt IC's. specify as lollo:.."s: JF.J6·(lC Iypc , ,,,,,,. 
bu)-.J/OT. Example: ICl.IC2 skould be slUei­
ficd u 5E}6_J/Ci901' .. 110T. l'rices a,C: 
.IIC7901', $} carll: J/Ci2-1I', $1.08 cacll: 
.11C715I', $1 rod,. Trallsi<IMs ?X4402 0,1<1 
.I11'S2923 ore 82 olld -IJ COifs radl. 'espcrli;Je/y. 
Dala sheels 11J11/ dis/,ibul/lr l;iI. 011 1111 01 ,lte 
abo"c arc a.'ai/able /rolll Ike III,,''''llIetJl'(I, Mo_ 
111.0/a :)emkOllduaor, I>ox 9';';, I'I",cllix, ,Jr;';OJlU 
85001. 

Fig. 2. Because of the complex 
wiring involved, it is almost 
mandatory that a printed cir­
cuit board, such as the one 
shown here actual siz:e. be used. 
An etched and drilled board is 
available (see the Parts list). 

hb.uo.y, 1968 

Construction. An actual-size printed 
circuit board appears in Fig. 2, while 
Fig. 3 shows how the board is drilled, 
and also indicates the positions for in­
serting the eight jumpers required. These 
jumpers are made from =24 solid wire 
and are added on the component side of 
the board. 

When mounting the components (as 
shown in Fig. 4). be sure to observe the 
polarities for all semiconductors-making 
doubly sure that the IC's are mounted as 
indicated. Particularly nole that the code 
notch and dot of lC1 and lC2 point in the 
opposite direction from those of IC3 and 
IC4; this orientation is critical. Use a 
low-wattage soldering iron and fine sol­
der to make all connections. 

The readout lamp display bracket is 
cut and bent out of I��" aluminum fol­
lowing the layout in Fig. 5. Two pop riv­
ets secure the lamp bracket to the board. 
The indicator lamps press-fit into the 
holes in the bracket, through the front, 
and are secured by the wedging action of 
the plastic lens caps. Each pair of bulb 
leads is soldered to the respective PC 
board terminals. Bulb marking (0 
through 9) is done with ;1'1'(' black in­
stant transfer numerals, which are ap­
plied to the plastic lens cap, then coated 
with a clear acrylic spray. 
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HOW IT WORKS 

Where mOSI lIi, ide-by-I,'" circuit. u;e:< ""I:<­
lkcly complc.�. multi-ITa",i,I(l' ..rrJ"�cme!ll 01 
decooe. )(ales and o.-;><1oul drh·e •. ' . 1M .h:"\:imnl 
counter de--crllxtl in Ih;, anicle nr,t didd�� by 
/;;-()_ anll \h.·" lo> j-:-r I" L,rodu�� a biQH;,'()'y 
coumer. l-ouch '"I "rr:"'�rn1l"l1t ;" c'm,idcrnl,ly 
liml.ler Ih,n Ih,· cnn,-cnLiunnl declm,l cnunler in 
lhal il l"("Owi.e.' Ihrt{: k-.. Ir"dn"i.tor� and �H'n 
k-u decodl,,� 1<:11'" 10 I.rodu< .. II\(> '>arne .... Slllt�_ 

The in[ml puL..., ITnin -i. I,-d to 3 tli' itl<:-\.o)"-I"O 
coulllcr ('''In or lei). a t(,nwlulo,,31 Oi.,-Anp 
"hi<h challl'ts �1"le \lilh ,·neh pul,,· inL.UI_ On� 
5131c or I"" inpUI tli,-ided-br-tw" counlcr ,,·iII 
i!KIicnl� nn odd num�f inpul "hil,· I .... "thH 
stf\le will indical� an ",·cn nnmbo.·r. The odd-c'�n 
5i�nal is proo;e�st.·d by 3 5,"(lion of IC-I and uO<'d 
to .wilch tran,iJU><II (11 and <!1 w Ib.,t on eHn 
nllmbrr$ Ih� �F.'-en lin.' ,�iI1 be: 'uPlllied nilh 
p<.l\,cr. �nd on the odd numbrr� th .. ··Odd 1111'·· 
is poI\crcd. The !iChemUlit of Ihe compl�l� <leci­
nlal counle. �huw� 00" the indic.1Iin� bulbs arc 
eonneclt"tl in p.,i" 10 th,· odd an,1 cn'n bu_. 
Each I�ir of bnlbs i� cnnllCCltd 10 Itmuml 
IhrOllllh a lratl.;'lo. �"i!ch ((lJ th.ou�h on 
,,·hieh i� 01)('" when nOI encr/li� ... I. and elOWlt 
.. -ben cn�rlliud_ 

.'\I\er 1I;"i,ion by LWO. tbo.' inpUl pul"""! ar� f«l 
lO the r!h-id,'-b)'-fi\c 1'01"'11". cOII,;,tinl: of Ihe 
• em3i"in� I);HI of IC I and all (II le2. This 
count�r d('Cidl'> whelhe. Ihe i"l,ut ,i�n,1 i. 0 or 
I. 1 or J, 4 0' 5. 6 0 ••. S or 9-�nd iU 'c1 .... I ... 1 
Olllpul iil(nals a.e PfOCc,.-t'<! b>- dKOdc. leJ ond 
Ihe remninder or le-l. The oulput $illn31 irom 11,e 

d"-':oocf .. -ill encr�i�" the approS)fiat" Lransi.to. 
, .. ·ilch. fffecli'·c1y do,inot il nnd allowin/t CII" 
rent 10 110" f.om Ihe _ch-cII'(I odd or c'-en bus. 
Ih.ou�h one bulb and Ihrou):h Ihe transiSlor 
switch 10 �round, illuminnlinll the pertin�nl bulb_ 

ror tU"'pk-. a""lIm" the counl ha< rt::Ichnl Ihe 
numt>.,. 7. The d,,-idc-br-I\\o C(Iumc. b.15 'Ie­
tcrmin«1 thaI it is on o.Jd number ;.nd h8; �ner­
lIi'efl Ihe odd bu�. The diddc-by-f,,·c counler 
decode. hnJ determined 1b.,1 thi, pul� is ritMr 
6 or 7. and eMr�ittd Irnn,i�"'r ()6. L-n,le' Ih()!oe 
eondil;on$. bulb i i. the 1I11/Y bnlb ilinmin;led. 

_ In actual I)ractie.·. all Lh� .bulb, will III"" wrr. 
dUllly_ c,'en ,,-hen nOI �"crllut"tl. dnc 10 ··5IIfal; 
I"Ilhs of '!C"" umbinalion� of '·on·- bulbs. 
Ilalancinl( �istors Nl nnd R2 a«: u,.oo 10 3,·et­
aliI' the b.iIliance of rllch ··orr' bulb 10 p.otIuc.c 
• uniform. barel)' ,'lsiIM_ bachround II10w. 

00 cach lenth ;nl)UI pul,.,. the dh-idc-b)'-IM 
chametcri$lic of Ih� dt-ci'n31 cOllnler circuil 
caUM$ il 10 c>"cl� to 0 indk"lioll whil� sil11lll­
I;",oousl>" Ilroddilljl OnC oull,uL pul..e which b 
u� 10 st�rt the count on anOlhe. counler_ As­
Sllm� IMI 1"·0 decim�1 counlcr; ;IN: connec\(�1 in 
cascadc and the tou,a i$  9. Th� forSI decimal 
counler (in<licalln� "onc·s") di,p1n>"� a 9. "hill' 
Ihe second deci",al counl ... (lrldi.:alin� ·'Ien·s"j 
di"P1a>� a O. \\-h(1I the <:<>tll" .c:<("h� 10. Ih� 
"one·s·· eounlN cydK 10 ;I� 0 indicalion, while 
Ihe '·I('n·S" counter r..-.:;eive� on� pul, .. 10 disl,IHY 
;t 1 .  The overall illnmi"�I",1 T""dout il Ihcn 10 . 
Slill af1.Olhrr decimal (On"ler an � conntCltd to 
Ih� ,·t""·.·· counl .... ··CarTY" OUIPUI 10 pfO,-Jtle ;t 
"hund,,<d'," column. which "ill �m.1 indi.::iLinl: 
whrn Ihe 101U! counl e.\Cccd& 99. And 50 on. 

Although whn appear to be six mechanical swilthes 
are shown here. actually they represent high-speed 
transIstor switches that a.e driven by the electronic cir· 
cuits shown connected 10 them by the sl� dashed lines, 
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fig. 3. Orilling details lor Ihe board. Don't lor· 
get to InClude the eight in""late<! wire jumpers. 

The PC board with all 01 the eomponerlts installed. 

Power Supply. There are three power 
supply connections to be made to the 
decimal counter: "+ +" requires 5.5 to 
7.5 volts at 300 rnA; "+" requires 3.6 
volts at 100 rnA (with less than 0.7-volt 
peak-to-peak ripple), while ';GNO" is the 
common supply return. The power sup­
ply shown in Fig. 6 will power up to 
three decimal counters. 

In constructing the power supply, don't 
skimp on the value of C2 or the resultant 

9/32"ORILL tldl 

1r<0000 IT I VO 0 000 1-3"6" 1----------- -.l o LIP 0 . 
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Fig. 4. Placement 01 the components on the board. 
Note that all IC's Ife notch. and doHdentitied. 

a.c. ripple may be too great. All power 
supply leads must be of heavy-gauge 
wire. 

Operation. There are three signal con­
nections to be made to the decimal count­
er-"Count" input, "Reset" input, and 
"Carry" output, The "Count" input will 
advance the decade counter one count 
each time the input signal abn,ptly drops 
from +3 volts to ground, However. it is 
important that all input signals be prop­
erly conditioned to insure that they are 
noise-free and drop abruptly once a"d 
ouly Ollce per count cycle. Failure to do 
this will result in erratic counting. 

There are several ways to make a 
"bounceless" input signal, If you want to 
use an s.p.d.t. push button, use the set­
reset conditioning flip. flop in Fig. 7(a). 
If you want to use an s.p.s.t. "make" 
contact, lise the monostable circuit in 
Fig. 7(b). This conditioning is manda­
tory for any mechanical contact. 

Clean sine or square waves from 100 
kHz to 10 MHz can be directly applied to 

Fig. 5. Drilling details lor tile I.mp bracket Ire 
shown at the lelt, Til, bracket ;s secured to tile 
printed board and bulbs inserte<! as shown aboY •. 

" 
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Fig. 6. Tills recommended power supply will handle 
up to three decimal counter modules simultaneously. 

POWER SUPPLY PARTS LIST 

Cl.C2-IS,OOO-I'.r. 10·.'011 c/cc(ro/ylic ca,a�i. 
lor (Sprague I!)3GOIO.](; 0< ,;m;/a,) 

C),C4-V.I-!,/" ro�rilor 
/)1./)2 1.\'4001 di/Hle 
RECT-1Yr"mpr-rc ju/l';;:l1t'c bridge rcclif"f os­

umhly (Mi>lorl,>lll ,11/),10012-1. or simi/a,) 
1'1-I'i/om,,,/ Irall.fa,,,,,r: primll'Y. 117 ,'olls 

a,f.: Ufo",J",)'. 6.3 :'i,/I. D.C.: IV, <l1llPf;rcs 
(1lIIied lelulTlmirs S4 r: /419, or similar) 

Fig. 7. Pin 8 of the pL914 is identified by a dot. 
The MC789P is identified by a notch and dot code. 
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Ie) flU INVERTER I�UT SOUARING CIRCUIT 

the decimal counter "Count" input with­
out conditioning. Slower signals must be 
squared up using either the hex inverter 
squaring circuit in Fig. 7(c), or the 
Schmitt trigger of Fig. 7(d). Either of 
the latter two circuits work well with 3 
to 5 volts of peak·to-peak input signal. 
The Schmitt trigger can also be gated by 
holding its "Gate" input at ground when 
"Count" signals are to be passed, or at 
+3 volts or so when "Count" signals are 
'lot to be passed. 

The decimal counter "Reset" input is 
normally grounded. It will automatically 
return the counter to its "0" condition 
any time this input is connected to a +3 
volt source. The "Reset" push button 
need not be made "bounceless." 

The "Carry" output is used when two 
counters are cascaded by directly con­
necting the "Carry" output of the first 
unit to the "Count" input of the second. 
The second counter will register "ten's," 
a third counter will register "hundred's," 
and so on. -G!i-
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